Before discussing the details of the calculations the symmetry relationships and dissociation limits should be noted. The dissociation relationships in w-w coupling are given in Table I with the energies of the atoms for both tin and lead. Table II gives a few molecular orbital configurations and the related terms first in A-S coupling and then the w-w states into which these are split by the spin-orbit effect.
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II. Quantum Mechanical Calculations
Before discussing the details of the calculations the symmetry relationships and dissociation limits should be noted. The dissociation relationships in w-w coupling are given in Table I with the energies of the atoms for both tin and lead. Table II gives a few molecular orbital configurations and the related terms first in A-S coupling and then the w-w states into which these are split by the spin-orbit effect.
We next note that a multiple configuration treatment is required for even an adequate zero-order treatment of the lead atom which is said to be in intermediate coupling, Le. ~ neither L-S nor j-j coupling offers a good approximation in a single configuration. The tin atom is much closer to L-S coupling, but the spin-orbit effect is still substantial as is indicated in Table I . This is in contrast to the situation for thallium 3 2 2 where the P l/2 and P 3/2 states are each described by single j-j configurations. We discuss first the atom and then the Pb 2 molecule in terms of both L-S (A-S) and j-j (w-w) coupling.
Atomic wavefunctions in L-S coupling are presented in various 13 sources •. j-j coupling is less familiar and will be described briefly. 
There are differences in sign conventions for the terms in these spinors in various books and papers. We need not be concerned with these details since we shall always determine signs from symmetry and then opt5mize the coefficients. Note that the (1/2)1/2 and (3/2)1/2 spinors differ only in the signs and quantitative coe.fficients. Thus, if these coefficients are optimized, there is no need to consider'configuratiorts differing only by the change of these m = 1/2 spinors or of the corresponding -1/2 spinors.
We take the case J = 2 as an example. The wavefunction for M = +2 is (3) In this case the first term is clearly from a to 70% 3 P2 and 30% ID 2 • We find that tin is 97% 3 P2 and only 3% lD 2 . It is customary to use the symbols 3 p 0 and 3 p 2 for the lowest J = 0 and 2 atomic states even though they are mixed.
Our effective potential calculations yield the following energy dif--1 3 3 ferences for the atoms: 7725 and 11740 cm for the PI and P 2 states in Pb and 1970 and 3950 cm-1 for Sn, respectively. These agree reasonably well with the experimental values in Table I .
In j-j coupling the lowest J = 0 state has a closed shell structure with both j = 1/2 spinors occupied
This expands into 9 terms on the cartesian basis. . +
Thus the calculated energies are meaningful at 9 bohr only for 0 and even at Table III . 
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arising from 0 Tr Table II . Expansion of the 16 terms to the cartesian basis yields 81 configurations. All of these were included, 20
as reference configurations with multiple excitations also included and 61 as single configurations. The spinor product, equation ( 6 ), is equivalent r'\ to a product of Pl/2 spinors for each of the two atoms; hence, this function dissociates to neutral atoms in their lowest spinor configurations.
Furthermore, it was noted above that the 9 cartesian terms arising from the product of Pl/2 atomic spinors, equation ( 4 ), contain all of the terms needed for intermediate coupling for the lowest atomic state.
Thus the 81 cartesian configurations for the molecule allow dissociation to the atoms in their state of intermediate coupling.
Spinor products involving one or more P3/2 spinors can be written which include)among their spin-orbital product terms)the other configurations included in the 0+ calculation. The treatment of other states could also be g discussed in terms of spinor products. These details, however, would add the little to the information already included in Table III and/discussion on a spin-orbital, A-S coupling basis. For the molecular calculations a double-zeta Slater-type basis was used.
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The orbital exponents were optimized for the ground P state of each atom in L? coupling with spin-averaged EP. These orbital exponents are given in Table IV. SCF calculations with spin-averaged EP were the first stage of the molecular treatment. The orbitals and integrals from this step were u~edr.
for the CI stage wherein spin-orbit terms were included as well as electron repulsion terms.
III. Results and Comparisons with Electronic Spectra
The calculated energies in hartrees are listed as a function of interatomic distance in bohr for Pb 2 in Table V The relation of these results'tothe rather extensive experimental spectra'
for Pb 2 was discussed in the earlier publication. leading to a state about 3000-5000 cm above the ground state with a harmonic For Pb 2 the excited electronic states are at too high an energy to contribute appreciably, hence the calculation is quite simple. For Sn 2 , however, the 1 , 2 , and 1 states are all at low enough energy that they need to be g u u .
10,11 1600 included at the temperature of mass spectrometr1c measurement near K.
Furthermore (7) where 6£. is the excitation energy above the ground state (6£ = T ), g. is Since the lowest electronic state will usually make the dominant contribut ion , it is convenient. to rewrite equation (7) 
Here the vibrational factor is approximated by that for a harmonic oscillator. Again the sum covers all states with an initial term of unity from the ground state.
In this form it is easy to note the contributions of various states and the point at which the sum can be terminated without significant error. .:'; Table VII for all of the other parameters. At 1600 K the sum in equation (8) The original values were acceptable but showed a slight decrease, on the average, with increase in T. For the revised values this trend has reduced and is within the scatter arising from experimental sources. The mass spectrometric data can also. be treated by the "second law" method whereby ~H is calculated from the change with T of the fraction dissociated. 
